Background. In 2015, Namibia implemented an Acceleration Plan to address the high burden of HIV (13.0% adult prevalence and 216 311 people living with HIV [PLHIV]) and achieve the UNAIDS 90-90-90 targets by 2020. We provide an update on Namibia's overall progress toward achieving these targets and estimate the percent reduction in HIV incidence since 2010.
to be the leading cause of death, and an estimated 3100 people died from AIDS in 2015 [2] .
The Government of the Republic of Namibia (GRN), with support from the United States President's Emergency Plan for AIDS Relief (PEPFAR), has developed an Acceleration Plan to help Namibia meet the UNAIDS targets by 2020. In this manuscript, we provide an update on Namibia's overall progress toward achieving the 90-90-90 targets and evaluate the impact of this progress on reducing HIV incidence. We also provide a brief summary of the strategies GRN has employed to achieve this progress.
METHODS

For the First 90: Proportion of PLHIV who Know Their HIV Status
To estimate the overall number of PLHIV who know their status, we used data from the 2013 Namibia Demographic and Health Survey (2013 NDHS) [3] , a comprehensive, national-level population and health survey in Namibia. Data collection for the 2013 NDHS was conducted among adults (15-64 years) between May and September 2013 [3] . The survey's objective was to provide population-based demographic, socioeconomic, and health data including knowledge and prevalence of HIV. A total of 9849 households from all regions of Namibia were included in the survey, and a total of 14 499 individuals (10 018 females and 4481 males) were interviewed. Participants were asked to self-report their HIV status and were offered HIV testing services (HTS) as part of the survey.
To calculate the proportion of PLHIV who know their HIV status, we applied the percentage of 2013 NDHS participants who tested HIV-positive and who reported they were ever tested for HIV and received the results of their last test to the number of PLHIV from the 2016 SPECTRUM model [4] . The 2016 SPECTRUM model estimates are for the 2016 calendar year and are based on ART and prevention of mother-to-child transmission of HIV program data from previous years, as well as data from biennial surveys of pregnant women who attended antenatal clinics ) and the 2013 NDHS population-based HIV prevalence estimate.
We calculated a confidence interval for the first 90 by multiplying the lower and upper 95 percent confidence limits for the 2013 NDHS estimate of PLHIV who knew their status by the lower and upper 95% uncertainty bounds for PLHIV from the 2016 SPECTRUM model [4] .
The Second 90: Proportion of People With Diagnosed HIV Infection Receiving Sustained ART
At the time of NDHS implementation, the National HIV Treatment Guidelines recommended ART for patients with a CD4 count <350 cells/mm 3 , all HIV-infected tuberculosis patients, patients co-infected with HIV and hepatitis B virus, and patients with World Health Organization (WHO) clinical stages III and IV [5] . Currently in Namibia, all PLHIV are eligible to start ART upon diagnosis (test and treat) [5] . All individuals testing HIV positive are referred to an ART clinic for clinical assessment and to start ART. At public-run ART facilities, patients who are ready and willing to start treatment are assigned a unique ART number, and a file (patient care booklet) is opened for them. Standardized demographic and clinical data are collected and recorded in these patient booklets, which are updated after each clinical encounter with relevant clinical information. Data clerks routinely transcribe clinical and demographic information from the patient booklets into an electronic patient management system (ePMS). At each visit to the pharmacy for antiretroviral drug (ARV) refills, data on the number of pills dispensed and the patient's next appointment are entered into the national electronic dispensing tool (EDT) system, which tracks patient adherence to ART and compliance with appointments. Aggregate data from EDT and ePMS are compiled on a monthly basis and reported to the national HIV program. Aggregate data on patients who access HIV services in the private sector are routinely submitted by providers to the Namibian Association for Medical Aid Funds (NAMAF), and then to the Ministry of Health and Social Services (MOHSS).
To assess progress toward the second 90, we used data from the ePMS and NAMAF to generate a list of patients active on ART at the end of 2016 at government facilities and in the private sector. We calculated the second 90 in the same manner as the UNAIDS target for the second 90 by using the number of PLHIV with known status as the denominator. We also calculated the second 90 using total PLHIV as the denominator.
The Third 90: Proportion of People Receiving ART who Have Viral Suppression
National HIV treatment guidelines [6] recommend HIV viral load (VL) testing 6 months after ART initiation and every 6 months thereafter for pediatric patients younger than 20 years of age or every 12 months thereafter for adults older than 19 years of age. Repeat VL testing is recommended for patients with virologic failure (defined as VL >1000 copies/mL) [6] after 3 months of intensive adherence counseling.
HIV VL testing for both public and private ART facilities is performed at 35 Namibia Institute of Pathology (NIP) laboratories. Coverage of VL testing in Namibia is quite high. At the end of 2016, MOHSS estimated that >90% of patients on ART had access to VL testing [7] . The rest of the patients were on ART at remote facilities that could not get plasma specimens transported to any of the NIP laboratories within a reasonable amount of time for VL testing.
With each VL testing request, the NIP collects basic patient demographic information, name of facility, name of the health care provider requesting the test, patient name, and patient date of birth. During the second half of 2016, the NIP also started recording the patient's ART number on the VL request form. The NIP uses a separate electronic laboratory system (MEDITECH) to record and report VL test results.
To estimate Namibia's progress toward achieving the third 90, VL testing data, disaggregated by sex and age, were collected from the NIP and MEDITECH from January to December 2016. To account for duplicates in the VL tests performed by the NIP in 2016, VL test results from the last quarter of 2016 were analyzed separately. This was done because HIV patients on ART are routinely seen once every 3 months and quarterly results should not have duplicates.
We calculated the third 90 in the same manner as the UNAIDS target for the third 90 by using the number of PLHIV on ART as the denominator. We also calculated the third 90 using total PLHIV as the denominator.
Impact of Progress Toward 90-90-90 on Reducing HIV Incidence
We used a simple model or risk equation [7] to evaluate the impact of progress made thus far toward achieving the 90-90-90 targets and reducing HIV incidence. This simple risk equation was derived from the HIV treatment cascade and formulates incidence as a function of the 90-90-90 targets. In the equation, each stage of the HIV cascade is represented by a parameter, and for linking HIV incidence to the HIV cascade, 2 additional parameters are required: the rate of HIV transmission and the factor by which this transmission rate is reduced on average among people who have suppressed virus. Using these parameters and the HIV cascade values that reflect current progress toward the 90-90-90 targets, we estimated HIV incidence and determined the relative contribution of each gap in the HIV cascade to the number of new HIV infections in 2016.
RESULTS
The First 90: Proportion of PLHIV who Know Their HIV Status
In the 2013 NDHS, 88.3% (95% confidence interval [CI], 86.3%-90.1%) of HIV-positive adults 15-64 years of age reported being tested for HIV in the past and knowing their HIV status. Among those ever tested for HIV, knowledge of HIV status was higher among HIV-positive women (91.8%; 95% CI, 89.4%-93.7%) than HIV-positive men 82.5% (95% CI, 78.1%-86.1%). Knowledge of HIV status among adults aged 15-64 years in the general population was 73.5% (95% CI, 72.5%-74.5%). Men 15-24 years of age reported the lowest rate (42.0%) of ever being tested and receiving the test results, whereas the highest reported rates of ever being tested were among women aged 30-39 years, at 94.9% (Table 1) . Assuming the overall proportion of 88.3% of PLHIV who knew their status, we estimated that 191 003 PLHIV in Namibia knew their HIV status at the end of 2016.
The Second 90: Proportion of People With Diagnosed HIV Infection Receiving Sustained ART
A query of EDT and ePMS at the end of 2016 revealed that a total of 151 076 patients, including 9623 pediatric patients younger than 14 years of age, were active on ART at public facilities by the end of 2016. A total of 14 863 patients, including 439 children younger than 17 years of age, were reported to MOHSS be on ART in the private sector, indicating that a total of 165 939 or 76.7% of the estimated 216 311 PLHIV in Namibia were on ART by the end of 2016 ( Table 2 ).
The Third 90: Proportion of People Receiving ART who Have Viral Suppression
A total of 183 674 VL tests were performed by NIP from January to December 2016, of which 160 635 or 87% were suppressed (VL <1000 copies/mL). The suppression rate was 89% among females and 85% among males. The highest suppression rate was among adults ≥20 years of age (90%), and the lowest was among adolescents 15-19 years of age (68%) ( Table 3) . To account for duplicates in the 183 674 VL tests performed by the NIP in 2016, VL test results from the last quarter of 2016 were analyzed separately. This was done because HIV patients on ART are routinely seen once every 3 months, and quarterly results should not have duplicates. The overall VL suppression rate for the last quarter of 2016 was 87%, with relatively similar rates of suppression among sexes and age groups when compared with results from all 4 quarters of 2016 (Table 3) .
Impact of Progress Toward 90-90-90 on Reducing HIV Incidence
The progress toward the 90-90-90 targets at the end of 2016 indicates that a 21% reduction in HIV incidence compared with the 2010 level has been achieved in Namibia (from 9238 new infections in 2010 to 7331 new infections in 2016) ( Table 4 ). The breakdown of the 7331 new HIV infections in 2016 by their location along the HIV treatment cascade shows that the largest contributor to new infections is PLHIV who remain undiagnosed and unaware of their HIV infection (34%). This is followed by diagnosed PLHIV who are not yet on ART (33%) ( Table 4 ). If we assume that the number of PLHIV is the upper 97.5% bound from the 2016 Spectrum model, then the largest contributor to new infections is diagnosed PLHIV not on ART (45%). with HIV infection (77% of all PLHIV) in Namibia were on ART, and the VL suppression rate among those on ART was close to 90% (Figure 1 ). This indicates that once patients are diagnosed with HIV, the current strategies are effective in getting them linked to HIV treatment services, initiated on ART, and virally suppressed.
What Has Led to Namibia's Success?
Several factors have contributed to Namibia's progress toward achieving the 90-90-90 targets and successfully reducing HIV incidence. These factors include:
Strong Political Will
Ending the HIV epidemic is a priority at all levels of the GRN, including the President. The government funds >60% of the national HIV response and rapidly adopts international guidelines. In fact, the high coverage of ART among PLHIV in Namibia can be explained by the progressive national HIV treatment guidelines in place since late 2013, which have allowed >85% of PLHIV to be eligible for ART [6] . Namibia recently adopted the latest WHO treatment guidelines, which recommend provision of ART to all HIVinfected patients irrespective of their immune status [5, 8] .
The full implementation of these guidelines should allow Namibia to reach the second 90, or 81% of all PLHIV on ART, by 2020.
Implementation of Innovative HIV Testing Strategies to Identify PLHIV
The GRN and its implementing partners have implemented several strategies to improve HIV case finding, including index case testing, expansion of provider-initiated testing and counseling for inpatient and outpatient departments within health facilities, and targeted community testing aimed at supporting health facilities and communities experiencing human resource constraints and a high burden of undiagnosed HIV infection.
In addition, subgroup analysis is being conducted to identify and target populations with a high burden of undiagnosed HIV infection for HTS.
Focus on Linking All Individuals Diagnosed as HIV Positive to HIV Treatment Services
Program data from the Namibian Ministry of Health and Social Services show that the total number of patients initiated on ART during 2016 was broadly similar to the total number of patients who tested positive for HIV in 2016 (data not reported). This suggests a strong linkage between HIV testing and treatment services. Within health facilities, the current practice in Namibia is to physically escort clients who test HIV positive to the ART clinic. Clients who test HIV-positive in the community are followed by community health care workers, who liaise with health facilities to ensure that all HIV-positive clients are linked to care. Although not evaluated in the Namibian context, similar approaches have been shown to improve linkages to care elsewhere [9, 10] .
Strong Electronic Medical Systems to Improve Patient Care and Identify PLHIV in Need of Treatment Support
As previously mentioned, Namibia has several electronic medical systems, including ePMS, a national electronic dispensing tool, and a system to record and report VL test results. These systems strengthen patient care by allowing providers to identify patients who are nonadherent to their medications and/or in danger of treatment failure.
Implementation of Strategies to Address Geographic Constraints Associated With a Small Population Distributed Across a Wide Geographic Area
Namibia is a large country (824 292 square kilometers) with a small population (2.48 million people). This makes it difficult to ensure that all PLHIV have access to HIV testing and The formula for number of new HIV infections is a function of 2 additional HIV transmission parameters: (1) the β parameter (0.098) represents the average number of transmissions per person per year resulting from PLHIV without suppressed viral load and was consistently estimated from the other parameters in the incidence formula; (2) the ϕ parameter represents the percentage reduction in infectivity among people with suppressed virus and was estimated conservatively as 0.98, given that no linked infections were observed in index participants whose HIV infections were stably suppressed by ART in the HIV Prevention Trials Network 052 trial [28] . treatment services. To address these challenges, Namibia has been a leader in implementation of community-based ART services. Under this model, health care providers travel to remote villages on a quarterly basis, bringing patient medical files with them. They then dispense ARVs and other HIV medications and draw blood for VL testing. In addition, Namibia has implemented multimonth scripting and dispensing to reduce the number of trips stable patients need to make to a health facility from monthly to quarterly. Program data indicate that these strategies are leading to high 12-month retention rates, with a retention rate of 89% among adults on ART (Source: MOHSS, Directorate of Special Programmes, Unpublished, April 2015).
GRN, with support from PEPFAR, is engaged in rolling out Project Extension for Community Healthcare Outcomes (Project ECHO) [11] to all the main ART sites in Namibia. Project ECHO is a novel model of clinical mentorship and training that allows experts in HIV management to routinely share best practices for HIV care and treatment with health care workers throughout Namibia. To improve HIV VL testing capacity, NIP is in the process of decentralizing VL testing to a few additional regions and is also implementing the WHOrecommended collection of dried blood spot specimens for VL testing in remote areas [12] .
What Are the Remaining Gaps?
Improving Coverage of HTS Among Adolescents and Men
The main gap preventing Namibia from reaching the 90-90-90 targets is identification of PLHIV through HTS. We estimated that this gap accounted for 34% of new HIV infections in 2016. Available data indicate that nearly half of men and women aged 15-24 years have never been tested for HIV and are unaware of their HIV status. Recent studies from Namibia and other countries indicates that HIV incidence is highest among females aged 15-24 years [13] [14] [15] , which highlights the importance of expanding HTS among this population. Reasons for low testing among adolescents include poor knowledge of how HIV is transmitted and lack of awareness on how to access HIV services to prevent HIV transmission [16, 17] . Interventions that improve knowledge of HIV transmission risks and educate young people on how to access available HIV services and promote their use could help engage HIV-infected adolescents in HIV testing and treatment services. Additionally, adolescent-friendly HIV testing and treatment services, social network testing, and index partner testing are some of the other strategies that Namibia is planning to implement to improve HIV case detection among adolescents [16, [18] [19] [20] [21] [22] [23] .
NDHS data from 2013 also indicate low awareness of sero-status among men. This is similar to findings from other countries [24] [25] [26] . Some of the most common reasons for low coverage of HTS among men include stigma, poor health seeking behavior, socioeconomic and health facility barriers, and low perceived risk for HIV acquisition [24, 26, 27] . Several strategies are being implemented to improve men's access to HTS, including index partner testing, work place testing, flexible clinic hours that allow men to come in for testing after hours or on weekends, and multidisease campaigns where men receive an HIV test in addition to other health screening tests (eg, hypertension, prostate cancer, diabetes) [27] [28] [29] [30] . Plans are also underway to pilot HIV self-testing as a strategy for reaching adolescents and men with HTS.
Lower Viral Suppression Rates Among Pediatric and Adolescent Populations
The overall viral suppression rate among patients on ART is 87%. However, the suppression rates are about 10%−20% lower among pediatric and adolescent populations. This is similar to findings from other countries [31, 32] . Many factors account for low viral suppression rates among these groups, including poor adherence to ART, limited number of appropriate pediatric-friendly ARV formulations, nondisclosure of HIV status, lack of a support network, stigma, poor compliance with VL testing guidelines, and keeping patients on failing regimens [33] [34] [35] . Scaling up interventions to identify and address barriers to poor adherence among pediatric patients will help improve virologic suppression rates [36, 37] . This will also reduce the estimated 29% of new infections from patients who are not virally suppressed. To improve pediatric adherence, Namibia plans to roll out a standardized pediatric HIV disclosure program that has been demonstrated to improve HIV outcomes, including HIV VL suppression [38] , and to expand teen clubs and other community-based HIV care and treatment programs for adolescents [24, 37] .
There are several limitations to this report. The percentage of Namibians who know their HIV status is based on self-reports from the 2013 NDHS, along with SPECTRUM-modeled estimates of new HIV infections in subsequent years. Therefore, this estimate has a level of uncertainty, which we have tried to capture in our uncertainty bounds. In addition, we are not able to directly assess the percentage of patients who know their status and are linked to care and treatment services. Instead, we have relied on ART program data. Last, the overall VL suppression rates presented are based on the actual VL tests done, and repeat testers may be included. However, the fact that results from the last quarter of 2016 were identical to results from the entire year suggests that repeat testing had limited impact on the reported suppression rates. In addition, 2 papers presented at the 9th International AIDS Society Conference on HIV Science showed a VL suppression rate >90% in Namibia [39, 40] . During 2015, the most recent year with complete data, 91% of ART patients had at least 1 VL test [7] . It is possible that patients who did not have a VL test done were less compliant with their appointments. These patients could have lower virologic suppression rates. However, given that the VL suppression rate among patients who had the test done is about 90% and the tests were from patients from all the ART clinics in Namibia, it is unlikely that the overall VL suppression rate is significantly lower. A national household survey was carried out during June-December 2017 that should provide population-based estimates of HIV testing uptake, ART coverage, and VL suppression rates.
CONCLUSIONS
Namibia appears very close to reaching the UNAIDS 90-90-90 targets for HIV epidemic control. Some gaps remain in HTS and VL suppression, especially among children, adolescents, and men. Scaling up evidence-based interventions that target these groups will allow Namibia to reach the 90-90-90 targets by 2020 and ultimately help break the HIV transmission cycle and achieve HIV epidemic control. A national population-based survey in 2017 to estimate uptake of HTS, ART, and VL suppression should help validate the analyses presented here and identify geographic areas and population subgroups within Namibia that are still behind in meeting these targets.
